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This work was carried out ai The Ohio State University Cry-
ogenic Laboratory under contract with U.S.Navy, Office of Naval Re-
] search Contract Number Néori-17, Task Order IV, ONR Project
1 Number NR 058 039, with The Ohio State University Research Founda-
: tion. This report covers information obtained during the study en-
i titled: "High Temperature Thermodynamics of Inorganic Substances.®
4 It represents the 12th Technical Report of this series. '
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“ABSTRACT ' : -

The vapor pressure of thorium dioxide was determined
by the method of Knudsen, betweea 2398° and 2677°K. ThC,;
vaporizes mostg undissociated as ThO,(g), the heat oi vapori-
zation being AHzge =170 £ 1 kcal/mole. Some of the material
(2-10 /0) vaporizes as ThO., No reactinn occurs between ThO
and W. The study of the reaction Th{l) + ThO(s) 32 2ThO(s) by
- a high temperature x-ray diifraction technique showed the for-
mation at 2050°K of solid ThO. The ThO has a cubic, face- .
centered lattice, with a = 4,31 &. The formation of thorium on
the thoriated cathodes is thus due to the decompésition of the -

ThO; to ThO at 2500°K and above; -the ThO dlsproportlonates to

Th a.nd ThO; on coohng to 2000°K g
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The reaction between ThO; and W, or the question of
what cccurs oa a thoriated cathode, how the thorium (which is
assumed to be the emitter) is formed, is still unsolved, al- i
though many investigators have attacked the problem. All the
work was done, however, on filaments, and the main interest

was to improve the emission. Langmuir! reported a heat of
vaporization cf ThO, of 184 kcal and a heat of reduction of 138

kcal, Shapiro? measured rates of evaporation with or without =
emission and found them equal, He obtained a heat of vapori- . -

- zation for ThO; of 171 kcal, ~Fan® studi€d the emission of ThO,

'~ alone, and of. ThO; + W, and found them equal, He measured i
a heat of vaporization of 184 kcal for ThO, and 46 kcal‘for Th,

The emission characteristics of thoriated cathodes havé been
reviewed by Danforth,*
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In this work we first determined the rate of evaporation !
of ThO, by the Xnudsen effiision method. The material vapor--
. ized was collected on two collectors: a cold collector at room

: temperature and a hot collector, the temperature of whtch was—
e - . ._abovt 2000°K The purpose of the twe collectors-was the fol- .~ T~
(’;’-. S =7 - “lowing: If only molecules which are-stable at room temperature e’ e o
=" ~ %, . {such as ThO, or Th) evaporate. then the x- ray diffraction pat- a2
terns of the matarisl ox the two collectors should be identical,"
N A o ‘If a molecule which is unstable at room temperature \such as
Sl 'ThO) evaporates, on the_cold collector we will obtain an amor-
_.phous substance due to the rapid coolmg of the gas molecule
- (similar to.the case of SiO)> . If this-molecule hits the hot col-
. lector, the temperature of which is low enough ‘that the ThO
molecule is not siable, but high enough that the ThO molecule S
can disproportionate to Th and ThO;, then the x-ray diffraction
patterns of the materials on the two collectors should be dif-

ferent. The chemical analyses of the two molecules would be
identical,
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i Tre rate of evaporation over a ThO; + W mixture was
determified in a manner similar to that used over ThO,,

)

The reaction ThOz/;s)"i»' Th(l);:z ThO{s) was studied by
taking x-ray diffraction patterns at elevated temperatures, The
formation of a new compound is shown by the appearance of a

e s e Sk MGG, A )
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ey TERR new set of diffraction lines, From the new diffraction pattern e

L. the lattice constant and crystal structure of the compound can
be determined,

= 23 APPARAT US AND EXPERIMENTAL PROCEDURE

Two tantalum Knudsen cells, dimensions 6, 5 in, dia-
meter, 0,75 in, high with an orifice diameter of 0, 0625 in,,
. were used for the vapor pressure measurements, The area of
" the orifice was corrected for thermal expansion by using the - _.
=~ thermal expansion coéfficient of tantalum determined previcus="
ly in this Laboratory.® ThO; was intrccuced into the first cell;
_ e 5 after the data or. pure ThO; were taken, an equimolecular mix-
it ture of ThO, and W was introduced into the same cell, “Into"
' the second cell only the ThO; + W was introduced, and data _
taken, Both cells were degassed for two hours at 2000° C be-
fore the runs were made, -

e A new metal vapor -pressure cell was built, similar to

i the one used on our calorimeter, 7 and shown in Fig, 1. The

- . power, was- supphed by\a 20 kw General Electric heater, equipped -

. = ° _ -~  ‘with grid conittol. The temperature was measured with-a dis=
CopT5 e o] appearmg-ﬁlament optical pyrometer, calibrated agamst a stan-
S "dard tungsten-ribbon lamp. The standard tungsten-lamp had
been calibrated by the National Bureau of Standards and, in the

. _ range of the present mvestxgatlon, was reported to have a max-
-~ mmum uncertamt.y of 8°, * -

' -When the cells were degassed, the initial heating was
) only about 5 seconds(negligible compared to the length of the run),
& due to the high pumping speed. The power input into the cell
—-i_ ‘was very constant, and possible small temperature fluctuations
\ ‘were masked in the uncertainty of the temperature readings,
\ - Thus the temperature was taken as the average of the readings,
_ and straight time was used to compute the pressures, '

In the temperaiure_range where the experiments were
carried out, tantalum, the celi maierial, has a iow though
measurable vapor pressure, DBlank runs on the empty cells
were carried out, and the weight losses of thorium dioxide

 were corrected for the weight loss of the empty cell, The
weight loss of the empty cell was always less than 10 percent
of the weight loss due to thorium dioxide.

v

A 4, W RN IS A AN T ipR———

AR -2




!

I

i

R

[ I . ’
° ‘ E .. .: . )
X - SR |

ol

—COLLECTOR
PLATES

—= VACUUM

GAGE

EFFUSION
CELL -

- SN | vecuum
_____ : . PUMPS ' |

— —— A —— — — — — —— — — — —— — ————

INDUCTION
colL

—

NI T T TTT78T

“ FIGURE 1

I )




R

t
]
LR
. l'. g

To correct for the thickness of the effusion hcle (, 01 in,)
all weight losges-due to ThO, were multiplied by the factor § gg
=1,1236,%°
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The cold collector plates were made of pyrex 1,5 in, in
diameter with a 0,25 in, hole in the middle., The hot collector
"was made of tantalum, 0.5 ir. in diameter, with several 0,0625 k
in, holes drilled into it and several slits in the side to regulate . :

its temperature, The material from the cold collector was -
scraped off, fastened with some ®radio ceme=t® to a thin glass
rod, and x-ray diffraction patterns photographed in the Norelco-
Phillips x-ray camera, The evaporating material slowly filled
up the holes da the hot collector plates, The material was broken

off with a pair of tweezers and put into the x-ray diffraction
camera,

Cras i by
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The high-temperature x~ray diffraction patterns were
photographed in our high-temperature camera.!® The technique
used was the the same as that described elsewhere®: !! except
that the x-ray diffraction patterns were obtained in a high va-

. cuum, with an exposure time of 30 minutes, The use of a
yacuum was necessary because, at the hxgh temperatures in-
volved, arc1ng occurred in hehum and argon atmospheres, -

iR .

The thorium dioxide was obtained from the Maywood
Chemical Works, the thorium from the Fairmount Chemical
Co. + and the tungsten from the Callite Tungsten Corp.

EXPERIMENTAL RESULTS AND DISCUSSION OF DATA

Vapor Pressure Data

The experimental data for pure ThO; are presented in
Table I, and those for the ThO; + W mixture are given in Table
II. The data from the two tables are plotied in Fig, 2, The
pressure was calculated from the rate of effusion, using the
"~ equation p = mﬁm, where p is the pressure in aimos-
pheres, R is the molar gas constant, T is the absolute tem-"

perature. m is the rate of effusion in g/sq. cm, /sec, and M :
is the molecular weight of the vapor. 21

. *.’&&“ﬁ. o ciaat 2
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The rates of evaporation are equal in both cases, indica-
ting that no reaction between W and ThO; occurs. The x-ray !
diffraction photographs taken of the material ccndensed on the
cold collector showed only the ThO, pattern, The material from
the hot collector showed the ThO,; pattern very strongly, and
the Th pattern weakly, The visual intensity ratio was from 50:1
to 10:1, This indicates that ThO, vaporlzes as ThO,(g) with a
slight dissociation to ThO, , {

]

-t

I ATk g A o Bl

If ThO, would vaporize completely as ThO and O, and
then recombine on the collector plates, the x-ray diffraction
pattern of the material from the cold collector would have, be-
sides ThO; lines, a strong amorphous background, which it does ) P
not have. No diffraction lines of tungsten or tungsten oxide were R

. found on any collector. o

‘To obtain AH and the equation for the vapor-pressure,

our data was treated by a sigma ploi. The necessary specific

heat data were taken from Kelley'® for solid ThO, (Cp = 15, 84
+2,88x 1073 T - 1,60 x 1075 T-2) and we estimated, for gaseous -
sl - ThO,, Cp:=10:5 cal/mole/deg. Thus we obtam AHz,s =170.3. . U LS
C} L . ._kcal/mbre. and ' o _ s SRR :

AH = 172,491 - 75, 34T - 1, 44::10'3'1'z -1 60x 10-5 T-’

2 OIS 1% YR WA T

The vapor pressure can be expressed by the relation

log p(atm) = -37665 T-! - 7,82 x 1074 T + 12, 145

" . A comparl_s_on of our data with Shapiro’s shows that the

—_— . heaf.s of vaporization agree very well; however, our pressures
are about 40 times as large as his, At 2000°K we have 4 x 106
mm and Shapiro has 1 x 10-" mm, The discrepancy corresponds
to a temperature difference of 200°, duc probably to the fact
that the loosely attached ThO, does not reach the temperature of
the heating wire, although the pyrometer gives the temperature
of the latter. =

~High-Temperature X-Ray Difiraction Data

_ The high temperature x-ray diffraction studies of an

equimolar mixture of Th + ThO, showed, at 1850°C, the almost

2 S complete disappearance of the ThO, and Th diffraction line and
the appearance of a new set of diffraction lines. On cooling

TR IO eSOy R N AT PN ¥ oo
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( TABLE TII !
X-RAY DIFFRACTION LINES OF ThO AT 1850°C §

' S R - ] 3 3 i

(ap = 4.31 A ) |

{

' 2 g i © "

¢ sin” © d{in A ) -+ - Indices b, Kk, 1 .

‘ . 0967 2.47 1,1,1

13 4 . S

% . 1280 2.14 2,0,0

i . 2540 1.52 2,2,0

3; - ’ L .

. 3491 1.30 . 8, 4,2

; . 3785 1.25 - .- 2,2,2

: .5238 1. 06 4,0,0
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this new set of diffraction lines disappeared and the Th and ThO,

{ pattern reappeared, The new diffraction lines could be indexed
with a face-centered cubic patiern with a, = 4,31 &. Interplanar
distances are given in Table III, This new diffraction pattern is
that of thorium monoxide, indicating that above 1850°C the reac-
tion ThO,(s) + Th(l) ®»2ThO{s) goes to the right.

CONCLUSION

We can now answer the last question, what happens on a
thoriated filament, when it is‘activated at 2600°K, then cooled
to 1800°-1900°K, At 2600°K some of the ThO; dissociates to
gaseous and solid ThO, which disproportionates to Th and ThO,
or coolmg to 1900°K. For the heat of reduction of ThO,, Lang-
muir?! gave 138, kcal, The heat of formation of ThO; from Th
and O, is.293 kcal.}®. Thus the value of 138 kcal is very probably
for the reaction

Tho;gs)'—- ThO{s) + ,0,(g)
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